The active and skilful use of tools has been claimed to lead to the "extension" of the visual receptive fields of single neurons representing peripersonal space -the visual space immediately surrounding one's body parts. While this hypothesis provides an attractive and potentially powerful explanation for one neural basis of tool-use behaviours in human and nonhuman primates, a number of competing hypotheses for the reported behavioural effects of tool-use have not yet been subjected to empirical test. Here, we report five behavioural experiments in healthy human participants (n = 120) involving the effects of tool-use on visual-tactile interactions in peripersonal space. Specifically, we address the possibility that the use of only a single tool, which is typical of many neuropsychological studies of tool-use, induces a spatial allocation of attention towards the side where the tool is held. Participants' tactile discrimination responses were more strongly affected by visual stimuli presented on the right side when they held a single tool on the right, compared to visual stimuli presented on the left. When the two tools were held, one in each hand, this spatial effect disappeared. Our results are incompatible with the hypothesis that tool-use extends peripersonal space, and suggest instead that the use and/or manipulation of tools results in an automatic multisensory shift of spatial attention to the side of space where the tip of the tool is actively held. These results have implications for many of the cognitive neuroscientific studies of tool-use published to date.
INTRODUCTION
When humans and animals use a tool, the tool acts as a functional extension of the body: tool-use enables one to feel, reach, and manipulate objects that may otherwise be out of reach. Since tools are not literally a part of the body, however, and do not contain somatosensory receptors, the brain of the tool-user must compute how tactile sensations felt in the hand that holds the tool, might relate to objects seen or felt at the end of the tool (Farnè et al., 2005) . There has been a recent resurgence of interest in this issue, with many published studies concerning the integration of visual and tactile stimuli during tool-use both in macaque monkeys, and in brain-damaged and neurologically normal human participants.
These studies have shown that active tool-use increases the salience or effectiveness of visual stimuli presented at the tip(s) of the hand-held tool(s). These visual enhancements have been demonstrated either directly, on judgments concerning or actions made towards visual stimuli or objects, or indirectly, as inferred from the effects of visual stimuli on the detection or discrimination of simultaneous tactile stimuli. Results along these lines have been obtained in a variety of cognitive neuroscientific disciplines, from neuropsychological studies of spatial neglect (e.g., Ackroyd et al., 2002; Berti and Frassinetti, 2000; Forti and Humphreys, 2004; Humphreys et al., 2004; Pegna et al., 2001; Schendel and Robertson, 2004) and crossmodal extinction (Farnè and Làdavas, 2000; Farnè et al., 2005; Maravita et al., 2001 Maravita et al., , 2002a , to behavioural studies conducted in neurologically normal participants (Holmes et al., 2004; Maravita et al., 2002b) . To date, the majority of these data have been interpreted in terms of the hypothesis that active tool-use extends the boundary of multisensory peripersonal space, the visual space immediately surrounding the body or parts of the body, as initially suggested by Iriki et al. (1996b) (though see Forti and Humphreys, 2004; Holmes and Spence, 2004; Holmes et al., 2004; Humphreys et al., 2004 , for alternative interpretations).
While the evidence from these very different experimental approaches seems to be converging on a single explanation for the effects of tool-use on peripersonal space, one needs to be cautious in drawing direct comparisons between the results of single cell recordings in macaque monkeys on the one hand, and behavioural findings in human participants on the other. For example, the definition of peripersonal space is not a unitary construct and varies from study to study, depending primarily on the methods used to measure it. The results of single-unit recording studies of macaque monkeys have led to a definition of peripersonal space in terms of the spatial limit of the visual receptive fields of individual neurons that code visual space in body-part centred coordinates (e.g., Graziano et al., 1997 
